ABSTRACT.--The Red-throated Loon (Gavia stellata) nests on the shores of freshwater ponds of the Arctic tundra and forages in nearby marine waters. We examined the effects of distance of the nest from foraging waters and of microclimate at the nest site on the loon's reproductive success. As distance from the ocean increased, both density and nesting success decreased. Although hatching success did not vary with distance, success in rearing both chicks was significantly lower at distances greater than 9 km from the ocean. Loons with nests further from the ocean fed chicks less often and spent more time on foraging flights than did loons nesting within 9 km of the ocean. Brood reduction in nests far from the ocean presumably resulted from nestling starvation, and possibly also from higher predation due to less effective nest defense. We suggest that the higher density of breeding loons in areas near the ocean reflects preference of these birds for nesting grounds that are closer to their foraging areas. Microclimatic conditions also influenced reproductive success. In areas available for nesting earlier in the year, the loons initiated nesting earlier, but the probability of their reproductive failure due to predation was higher. However, successful pairs in these areas raised larger 
REPRODUCTIVE SUCCESS of birds is usually determined by the availability of food and the intensity of predation (Kruuk 1964, Horn 1968, Ricklefs 1969, Hunt 1972). These factors, in turn,
play a dominant role in shaping reproductive strategies such as those involved in habitat selection, nest-site selection, and mate choice. An adequate amount of food is a prerequisite for successful reproduction. If food is abundant and predictable in time and space, birds generally establish all-purpose territories. However, if food is unpredictable and is not economically defendable, colonial nesting optimizes foraging efficiency of birds (i.e. Horn 1968). The type and intensity of predation, however, also plays an important role in shaping reproductive strategies. Predation could favor two types of adaptations: (1) it might select for tactics improving nest defense; and (2) it might select for predator-avoidance tactics, such as selection of a safe nesting site, and camouflage of nest and nesting activities.
Some avian species forage in habitats where there are no opportunities for nesting. When feeding and nesting habitats are separated, birds must frequently fly great distances to feed. Because the costs of travelling are generally high, there should be selection on birds foraging some distance from their breeding territories to choose nesting sites as close as possible to their foraging ground. However, limited availability of high-quality nesting sites, which are safe from predators and close to the foraging grounds, may force some individuals to breed further away, in spite of increased travel-related costs to the breeding individuals and their offspring. Thus, some birds may have to compromise and this should be reflected in their reproductive success (Martindale 1982 , Fagerstr6m et al. 1983 ). Therefore, when reproductive success of individuals is evaluated for a given population, the investigator should consider each of these factors as they relate to the role of food distribution and predation.
The Red-throated Loon (Gavia stellata) is a monogamous species with circumpolar distribution. It nests by freshwater ponds; females lay two eggs in a shoreline nest, usually on an island. Predation of eggs and young often is high (Davis 1972 , Bundy 1976 , 1978 , Bergman and Derksen 1977 , Gomersall 1986 ). Predator-avoidance tactics exhibited by loons may include breeding at low densities, nesting on islands, and defense of "escape" ponds (Davis 1972 Davis (1972) found that the incidence of nesting failure increased with distance from the coast, and suggested that distance to the food source affects survival of chicks. In addition, he observed that only 3 of 22 successful pairs reared two chicks, and all 3 were in the coastal region. In this study, we focus on the effect of distance from foraging waters on reproductive success. Increased distance of pairs from foraging waters could decrease incubation success by increasing foraging time and decreasing the time both adults are on and protecting their territory (usually at least one is on territory). Predation on eggs, thus, could increase with increasing distance of a nest from the ocean. Distance from the ocean may also decrease the survival of chicks in two ways. First, foraging adults may not be capable of delivering enough fish to both young, resulting in starvation-related mortality of chicks. Second, adults may maintain an adequate feeding frequency at the expense of time spent guarding and defending chicks against predators, increasing predator success (Fagerstr•Sm et al. 1983, Reimchen and Douglas 1985) .
In addition to the potential benefit of nesting near the foraging areas, success is enhanced by early date of laying in many species (Perrins 1970), including loons (Bundy 1976 , Gomersall 1986 Information on these aspects of breeding ecology of Red-throated Loons should in turn improve our understanding of territory selection and nest-site preferences. from their nests only when we had to determine date of lay or hatch. We selected a boundary of 9.0 km from the ocean to distinguish between pairs nesting near to and pairs nesting far from the ocean, and examined reproductive performance of "near" and "far" pairs by comparing date of laying and / or hatching, and success at each reproductive stage. The lack of published differences in success for pairs breeding Nesting pond is defined to be the pond within a territory used by a pair for incubation. Because large ponds are frequently used by more than one pair, the term "pond site" denotes the location within a given pair's territory which is used for nesting.
In 1990 (Table  3) . The lack of a relationship between dates of laying and distance (Table 2) indicates that these two variables act independently of each other on brood size.
Laying date also was influenced by location (Table 4) ; the median laying date for northern nesting pairs was two days before that of the more southerly pairs (n = 60). Reproductive success of pairs in the northern area was significantly less than that of pairs in southern areas in 1990 (Table 5 ; 20% failure in south, 55% in north). Survival of two-chick broods also was affected by location; pairs in the south more often lost one chick (Table 5 ; south, 63%, n = 24; north, 23%, n = 26; 1989 and 1990 data pooled). However, the brood size versus location relationship was not as strong ( Effect of distance on foraging budgets.--Observations of five loon pairs commenced within a day of hatching of the first chick (27-30 July) and observations of the sixth pair (near) began when the eldest chick was eight days old (7 August). Of the six pairs, three (one near and two far) lost one chick, one to three weeks after hatching. One of the near pairs lost two chicks to predation by wolves four days after hatching. Only two pairs (one near and one far) still had both chicks at the end of August, when observations on the five remaining pairs were terminated. • All began as two-chick broods; one-chick broods those where one chick lost.
Frequency of fish delivery to chicks was greater for pairs nesting near the ocean (con-
1.4 fish/5 h. Thus, feeding frequency was not equal across the distance classes.
Estimated time required for foraging flights differed between near and far pairs (Table 7) Our time-budget study indicated two important differences between pairs nesting near to and far from the ocean that may have influenced chick survival. As predicted, near pairs foraged for their chicks more often than far pairs, and required less time to do so. This is consistent with the proposition that one-chick broods resulted from starvation of one of the siblings. However, decreased vigilance allowing predation of an otherwise healthy chick also could produce a similar result. Dickson (1992) suggested that unattended newly hatched chicks are vulnerable to predation by Glaucous Gulls. We observed that, during the first week after hatch, loon chicks rarely ventured from the brooding adult except when being fed. Chicks were not left unattended until they were several weeks old and were capable of diving to protect themselves We also observed that, if a disturbed family with both adults present entered the water, each chick was attended by one adult. Thus, loon chicks are most vulnerable to avian predators when only one adult is present and some terrestrial threat nearby forces the loons into the water. Although this might explain a few cases of chick mortality, we suggest that this type of predation is not responsible for most of the differential chick mortality in the two distance categories. This view is supported by evidence that: (1) there was no distance-related difference in nesting failure, which is generally a result of predation; and (2) pairs breeding in the northern region, where nesting failure due to predation was more frequent, had better chances of raising both chicks. found that second siblings disappeared within 10 days of hatching. The higher density of loons near the ocean suggests that near territories are preferred by the loons. This also has been reported by Davis (1972) , although Douglas and Reimchen (1988a) found no effect of distance from the ocean on breeding densities of loons. Larger broods and higher density in the near region resulted in a chick production per area twice that of the far region. Similarly, Davis found higher chick production in areas near the ocean than far from the ocean.
The dates of laying (1990), as well as of hatching (1989), were similar for near and far pairs. However, there was a negative relationship between number of young raised by successful pairs and date of laying ! hatching--early laying successful loons more frequently raised both chicks. Gomersall (1986) also found that all surviving two-chick broods were from clutches laid within the first few weeks of the ll-week laying period. The higher incidence of two-chick broods in the early thawing northern part of the study area is consistent with these findings. also suffered higher predation. However, the date of nesting also influenced success in raising chicks; as compared to late nesters, early nesters more frequently raised two chicks. Our data suggest that both predation and limited food play a role in territory and nest-site selection of Red-throated Loons. Loons seem to reduce nest predation by breeding on islands, by nesting at low densities, and by constantly guarding their brood. Long distances of foraging areas from the breeding territories, however, may set a limit to reproductive success in our population. Higher reproductive success in areas near the ocean may promote a higher density of breeding pairs in this region.
